and p = 0.3). Conclusion: The prevalence of hypoadrenalism in our patients with HIV infection was high and the clinical features were comparable in subjects with normal and subnormal cortisol levels.
tracellulare, toxoplasmosis, Pneumocystis carinii , histoplasmosis, blastomycosis and HIV infection [10] . Hypoadrenalism in HIV patients may also be due to involvement of the adrenal glands by Kaposi's sarcoma and lymphoma or hemorrhage resulting from the use of anticoagulants. Drugs such as rifampicin, ketoconazole, opiates and phenytoin that may be indicated in the HIVinfected patient may also be contributory factors in the development of hypoadrenalism.
Although the adrenal gland is the most commonly affected endocrine organ in HIV [11] , the clinical diagnosis of hypoadrenalism is made difficult because HIV infection and adrenocortical insufficiency share similar features [12] . The classic clinical features and electrolyte derangements of Addison's disease have been shown to be poorly predictive of hypoadrenalism with regard to HIV infection [11] . Symptoms such as weight loss, malaise, weakness and diarrhea are common to both HIV infection and hypoadrenalism. Hyponatremia, a characteristic feature of hypoadrenalism, is common in HIV infection, where it may be due to inappropriate antidiuretic hormone secretion or gastrointestinal loss resulting from vomiting and diarrhea. Hyperkalemia, another characteristic biochemical feature of hypoadrenalism, can occur as a side effect of cotrimoxazole therapy in HIV patients. A deliberate search for hypoadrenalism will be required to identify hypoadrenalism in HIV patients.
The diagnosis of hypoadrenalism is often carried out by the determination of stimulated cortisol level. However, there are only two published studies on hypocortisolism in HIV patients where diagnosis was based on basal cortisol levels [8, 9] . Meya et al. [8] noted that the frequency of hypocortisolism in HIV patients was 18.5% and the defining biochemical parameter was a basal cortisol level below 690 nmol/l. In the other study [9] , all subjects with stimulated cortisol levels less than 500 nmol/l following administration of 1 g of Synacthen were found to have basal serum cortisol levels below 400 nmol/l. In our practice, a resource-poor setting, Synacthen is not readily available and the diagnosis of hypoadrenalism is usually made by a combination of clinical and biochemical parameters, which include the determination of basal cortisol levels.
Hypoadrenalism is an understudied aspect of this allimportant infection in sub-Saharan Africa which unfortunately is the continent most affected with the burden of HIV infection. The detection and management of hypoadrenalism in HIV infection is a fundamental measure for reducing the morbidity and mortality often documented in this group of patients.
The main objective of this study was to determine the prevalence of basal cortisol levels in patients with HIV infection. Other aims included documentation of the clinical and biochemical correlates of hypoadrenalism in this group of patients.
Subjects and Methods
This was a cross-sectional study involving 66 consecutive subjects diagnosed with HIV admitted to the medical wards of Nelson Mandela Academic Hospital in the 3-month period from September through November 2009. Ethical approval was sought and obtained from the Ethics Committee of the Faculty of Health Sciences, Walter Sisulu University, Mthatha, South Africa. Patients' age ranged from 17 to 71 years; there were 39 women and 27 men. Inclusion criteria consisted of HIV patients aged 6 17 years who gave their consent for the study. Exclusion criteria included pregnancy, current use of estrogen-containing contraceptives or glucocorticoids.
Information regarding demographics and biodata were collected. The criteria for admission were recorded: past or current evidence of tuberculosis, history of drug use specifically antiretrovirals, antituberculosis drugs, anticonvulsants and antifungals. Participants were questioned for the following symptoms: weight loss, vomiting, diarrhea, dizziness and lethargy.
Clinical examination comprised evaluation of indices of hypocortisolism, including blood pressure measurements, examination of skin and mucous membranes for hyperpigmentation and absence of axillary and pubic hair.
Blood samples for full blood count, electrolytes, urea, creatinine, CD4 count, antibodies to CMV infection and basal cortisol analysis were all taken on the same occasion at 9 a.m. Electrochemoluminescence immunoassay was used to determine cortisol levels; the lower detection limit was 0.500 nmol/l. The intra-assay and interassay coefficients of variation were 1.7 and 2.8%, respectively. The Elecsys Cortisol Assay kit (Roche Diagnostics GmbH, Mannheim, Germany) was used for the assay. Operational definitions were as follows: hypoadrenalism was diagnosed based on basal cortisol levels less than 400 nmol/l with or without overt signs and symptoms of hypoadrenalism [9] . Hyponatremia and hyperkalemia referred to serum sodium levels of ! 136 mmol/l and potassium levels of 1 5.5 mmol/l [13] . Hypotension was defined by a systolic blood pressure of less than 90 mm Hg [8] and CMV infection was based on the detection of immunoglobulin G or M antibodies to CMV. Low CD4 count refers to CD4 cells ! 200/mm 3 .
Statistical Analysis
Statistical analysis was carried out using SPSS version 17 (Chicago, Ill., USA). Quantitative data are expressed as means and standard deviation as well as in quartiles. The means of uniformly distributed continuous and categorical variables were compared with the Student's t test and 2 test, respectively. Pearson's correlation coefficient analysis was used to determine associations between continuous data. The level of statistical significance was said to be significant with p values of ^ 0.05.
Results
A summary of the demographic and biochemical parameters is given in table 1 . The clinical features of hypoadrenalism, ranging from lethargy to hyperpigmentation, with the commonly documented sign being loss of axillary hair, are shown in figure 1 . Typical biochemical and hematological parameters of hypoadrenalism, such as hyponatremia, hyperkalemia, and eosinophilia were present in 13/66 (19.6%), 4/66 (6.1%) and 30/66 (45.2%) of patients, respectively.
The mean of basal serum cortisol levels was 586.4 8 318 nmol/l (n = 66), with a range of 127-2,069 nmol/l. The prevalence of hypocortisolism was 18/66 (27%). A comparison of clinical, biochemical and hematological parameters between subjects with hypocortisolemia and those without showed that the majority of all studied parameters were comparable for the two groups ( table 2 ).
All patients (n = 66) were anti-IgG CMV positive, while 45/66 (68.2%) of patients had current or previous evidence of tuberculosis infection. A comparable proportion of subjects were on antiretroviral therapy or had evidence of tuberculosis regardless of whether the serum cortisol level was low or normal ( table 2 ). Seven of 18 subjects (38.9%) had low serum cortisol levels versus 22/48 (45.8%) patients who had normal cortisol levels on rifampicin therapy (p = 0.613). Cotrimoxazole was administered to 10/18 (56%) patients with low serum cortisol versus 21/48 (43.8%) patients with normal serum cortisol (p = 0.392). The proportion of patients with low serum cortisol versus normal serum cortisol on fluconazole therapy was 2/18 (11.1%) versus 6/48 (12.5%) (p = 0.878), respectively. Only 2 of the 66 patients were on anticoagulants or anticonvulsants, respectively; only 1 of all patients received opiates. Low CD4 counts were present in 44 (66.7%) of the patients. There was no significant correlation between cortisol and CD4 count levels (r = -0.1, p = 0.3). The mean CD4 counts between the patients with hypoadrenalism and those without were comparable (585.5 vs. 589.3 cells/mm 3 , p = 0.3).
Discussion
In this study, using a cortisol cutoff level of 400 nmol/l, the prevalence of 27% for hypoadrenalism is higher than 19% reported in a recent Ugandan study [8] and 19% in a Brazilian study [14] . The reasons for our higher prevalence of hypoadrenalism in comparison with the Ugandan study [8] which comprised 113 patients and the Brazilian study [14] which included 63 HIV-positive patients is not obvious. The high prevalence of CMV infection in our patients (n = 66/66) may have contributed to our relatively high prevalence of hypoadrenalism. CMV infection was documented in 8.3% of the Brazilian study [14] , but its frequency was not reported in the Ugandan study [8] .
Potential contributory comorbidities of adrenalitis, such as tuberculosis and CMV infection, were present in 45/66 (68.2%) and 100/100 (100%), respectively of the study population. CMV, a ␤ -herpesvirus, is an important pathogen in patients with AIDS; this pathogen has been shown to be present in over half of those with the disease [15] . It is relevant to note that all the patients studied had serological evidence of CMV infection, thus underscoring the need to screen for this infection, especially in Africans with HIV infection. A CD4 count below 200 cells/mm 3 was found in 44/66 (66.7%) of the study sample. No significant association between cortisol levels and CD4 counts was found, and not surprisingly, the mean CD4 counts were comparable for patients with and without hypoadrenalism. Our results show that 18/66 (27%) of our patients had hypoadrenalism based on a basal serum cortisol cutoff level of 400 nmol/l in the presence of several risk factors for hypoadrenalism, i.e. low CD count, CMV, HIV infection and tuberculosis infection [6, 7, 10, 15, 16] . A serum cortisol level of 1 500 nmol/l, considered indicative of an intact hypothalamic-pituitary-adrenal axis [17] , was found in 35/66 (53%) of our patients. Thus, whether hypoadrenalism was defined according to a basal serum cortisol cutoff of 400 or 500 nmol/l, the proportion of patients with hypoadrenalism was relatively high in relation to the identified risk factors for hypoadrenalism. There was no patient with a serum cortisol level below 100 nmol/l, which has been reported to be indicative of permanent adrenal insufficiency and predictive of lifelong steroid replacement therapy [18] .
The lack of significant differences between HIV-infected patients with serum cortisol levels of ! 400 and 6 400 nmol/l with clinical and biochemical features such as syncope, hyperpigmentation, and hyponatremia may have been due to a number of factors. One explanation is the presence of comorbidities such as sepsis, cardiac disease, gastroenteritis and syndrome of inappropriate antidiuretic hormone secretion with features similar to hypoadrenalism. However, gastroenteritis and syndrome of inappropriate antidiuretic hormone secretion are features of hypoadrenalism. It has been argued that acquired cortisol resistance with functional glucocorticoid deficiency occurs with HIV infection [19] and this may be associated with a normal or supranormal cortisol level. We report a comparable frequency of eosinophilia in subjects with subnormal and normal cortisol levels; this observation was also noted by Meya et al. [8] .
The findings of this report should be interpreted with caution given the limitations which include small sample size and the fact that hypocortisolemia was evaluated only on the basis of basal and not stimulated cortisol levels.
Conclusion
Hypoadrenalism was relatively common in our hospitalized HIV patients. Clinical features and CD4 count levels were, however, similar in HIV patients with normal and subnormal cortisol levels. 
